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ABSTRACT 28 
Chimpanzees (Pan troglodytes) demonstrate much cultural diversity in the wild, yet a 29 
majority of novel behaviours do not become group-wide traditions. Since many such 30 
novel behaviours are introduced by low-ranking individuals, a bias toward copying 31 
dominant individuals (‘rank-bias’) has been proposed as an explanation for their limited 32 
diffusion. Previous experimental work showed that chimpanzees (Pan troglodytes) 33 
preferentially copy dominant over low-rank models. We investigated whether low 34 
ranking individuals may nevertheless successfully seed a beneficial behaviour as a 35 
tradition if there are no ‘competing’ models. In each of four captive groups, either a 36 
single high-rank (HR, n=2) or a low-rank (LR, n=2) chimpanzee model was trained on 37 
one method of opening a two-action puzzle-box, before demonstrating the trained 38 
method in a group context. This was followed by eight hours of group-wide, open-39 
access to the puzzle-box. Successful manipulations and observers of each 40 
manipulation were recorded. Barnard’s exact tests showed that individuals in the LR 41 
groups used the seeded method as their first-choice option at significantly above 42 
chance levels, whereas those in the HR groups did not. Furthermore, individuals in the 43 
LR condition used the seeded method on their first attempt significantly more often 44 
than those in the HR condition. A network-based diffusion analysis revealed that the 45 
best supported statistical models were those in which social transmission occurred only 46 
in groups with subordinate models. Finally, we report an innovation by a subordinate 47 
individual that built cumulatively on existing methods of opening the puzzle-box and 48 
was subsequently copied by a dominant observer. These findings illustrate that 49 
chimpanzees are motivated to copy rewarding novel behaviours that are demonstrated 50 
by subordinate individuals and that, in some cases, social transmission may be 51 
constrained by high-rank demonstrators.  52 
 53 
Keywords: Social learning, rank, dominance, chimpanzee, culture 54 
3 
 
INTRODUCTION 55 
It is now generally accepted that social learning is widespread in the animal 56 
kingdom and that socially transmitted traditions (‘cultures’) are found in a wide range of 57 
vertebrates [Whiten, 2005; Laland & Janik, 2006; Laland & Galef, 2009]. However, the 58 
processes by which a novel behaviour propagates to become a group-wide tradition 59 
remain unclear [Rendell et al., 2011]. Indiscriminately copying the behaviours of 60 
conspecifics is often not an optimal strategy, as the learner runs the risk of copying 61 
costly behaviours or wasting energy on those that are not productive [Kendal, Coolen, 62 
van Bergen & Laland, 2005; Rendell et al., 2010]. Accordingly, a number of adaptive 63 
‘biases’ in social learning have been proposed as possible influences on whether 64 
individuals choose to utilise social information and who they get it from, for example 65 
‘when uncertain, copy the majority’ [Henrich & McElreath, 2003; Laland, 2004; 66 
Claidière & Whiten, 2012; van Leeuwen & Haun, 2014]. Due to their cultural diversity 67 
[Whiten et al. 1999] and propensity for social learning, chimpanzees have been a 68 
favoured model species for studying these social learning biases. Chimpanzees also 69 
present an interesting paradox in that although innovations are not an uncommon 70 
occurrence, at one field site where researchers made an attempt to quantify their fate it 71 
was found that a majority of innovations failed to become group-wide traditions 72 
[Nishida, Matsusaka & McGrew, 2009]. The factors that determine whether a novel 73 
behaviour diffuses throughout a group or remains limited to one or a minority of 74 
individuals are largely unknown.  The direct pay-off of a behaviour does not seem 75 
sufficient to explain this, given reported instances of the spread of ‘arbitrary’ traditions 76 
with no apparent functional benefits. A striking example of this is described by van 77 
Leeuwen, Cronin & Haun [2014], who report a single chimpanzee placing a piece of 78 
grass in its ear to no discernible benefit - a ‘fashion’ which was soon adopted by the 79 
rest of the group. Conversely, Hopper et al. [2011] found in a token-exchange task that 80 
most chimpanzees chose the same tokens as those selected by a trained model, even 81 
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when the alternative token choice resulted in a more preferred food reward, presenting 82 
an interesting example of copying a behaviour which is visibly less beneficial than 83 
alternatives. 84 
Many novel behaviours enter both wild and captive chimpanzee communities 85 
through the lower end of the dominance hierarchy – whether this be from subordinate 86 
innovators [Reader & Laland, 2001] or migrant females importing their native 87 
behavioural repertoire to their host group [Nakamura & Uehara, 2004; O’Malley, 88 
Wallauer, Murray & Goodall, 2012]. A bias toward copying dominant over subordinate 89 
individuals has been shown and proposed to explain the relative rarity of these novel 90 
behaviours becoming traditions [Kendal et al., 2015]. One might suppose that this 91 
would occur for strategic reasons (dominant individuals are successful, so copying 92 
them might be an adaptive option), due to normative effects (copying the dominant 93 
individual facilitates social cohesion) or simply as a result of an attentional bias towards 94 
these individuals (e.g. dominant individuals are central in the social network). In 95 
capuchin monkeys it has been found that subordinate individuals tend not to 96 
demonstrate acquired token-exchange behaviours in a group context [Addessi et al. 97 
2011] or in the presence of a dominant individual [Lonsdorf et al., 2016], which means 98 
there is an inherent rank-bias in the source of social information available to observers.  99 
Although it has also been found that capuchins preferentially observe older, more 100 
dominant and more proficient nut-crackers in the wild, suggesting a more active 101 
learning bias [Coelho et al., 2015]. One or all of these may play a part in restricting the 102 
flow of social information from subordinate individuals and cause a group-wide 103 
convergence on the behaviour of dominant individuals. To date, two studies have 104 
offered evidence for a rank-bias in chimpanzees. Kendal et al. [2015] seeded a method 105 
of opening a two-action puzzle box into two groups of chimpanzees using mid-ranking 106 
female models (and allowed two other groups to explore the task without trained 107 
models), and through complex analysis of attention states during demonstrations found 108 
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evidence that individuals preferentially attend to dominant and/or knowledgeable 109 
demonstrators. Horner et al. [2010] also concluded that when presented with 110 
demonstrations from both a ‘high prestige’ (high rank and track record as a model) and 111 
‘low prestige’ (low rank) individual on a token-exchange task, chimpanzees 112 
preferentially copied the method demonstrated by the high prestige individual [Horner 113 
et al., 2010]. However, there remains the question of whether or not low-ranking 114 
individuals, who demonstrate a productive novel behaviour, will be copied if there are 115 
no more dominant models available. This question is important for our understanding of 116 
how innovations become traditions, and how traditions proliferate across communities.  117 
Accordingly, we compared the diffusion of alternative methods of opening a 118 
two-action puzzle-box seeded by either a low- (female) or high-ranking (male) 119 
individual in four different groups of chimpanzees. In this context, based on prior work 120 
indicating a rank-bias in chimpanzee social learning, we predicted that either (a) social 121 
transmission of the seeded method will only occur in the groups with high-ranking 122 
models (we shall call this the ‘hard rank-bias hypothesis’), or (b) behaviour will be 123 
socially transmitted in both conditions, but the effect will be stronger in groups with 124 
high-ranking models (‘soft rank-bias hypothesis’).  125 
 126 
METHODS 127 
Study Site 128 
This study was carried out at the National Center for Chimpanzee Care (NCCC) 129 
located at the Michale E. Keeling Center for Comparative Medicine and Research of 130 
The University of Texas MD Anderson Cancer Center in Bastrop (UTMDACC), Texas.  131 
Data was collected between April and August, 2015. A total of 38 chimpanzees (21 132 
female) participated in the study, aged from 13 to 53 years of age. Most individuals 133 
were captive-born, but some (n=5) were wild-born. All individuals have participated in a 134 
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wide range of previous behavioural research studies, some of which included puzzle-135 
box tasks, but we have designed our apparatus to require different manipulations to 136 
those of earlier studies, as noted below. The participants include both nursery-reared 137 
and mother-reared individuals. Following previous studies [Horner et al.2010, Kendal et 138 
al., 2015; Hopper et al., 2015a], the social rank of each individual was determined by 139 
surveying the judgments of 5 staff members (behavioural researchers, trainers and 140 
management) who had been working with these animals for at least 5 years each. 141 
Freeman et al. [2013] found that human assessment of dominance in chimpanzees has 142 
good predictive validity for relevant behavioural measures of dominance such as 143 
aggression and displacement. Each staff member was asked to rank the individuals in 144 
the group linearly from ‘1’ (highest rank) to N (lowest rank) without discussing their 145 
rankings with other staff. Agreement between observers was high (>80%), but where 146 
disagreements occurred the mode rank for each individual was used. From these 147 
rankings we determined the ‘alpha’ male for each group in the HR condition and chose 148 
a subordinate (averaging in the lower third of the hierarchy) female to act as the model 149 
for each group in the LR condition. All groups have access to two or more den areas 150 
(14m2 each) and either an outdoor habitat or dome (dome: 90m2, habitat: 400m2) with a 151 
range of enrichment devices and activities, and a variety of climbing and swinging 152 
structures to promote species-typical behaviours. Testing generally occurred indoors, 153 
but access to outdoor enclosures was not restricted. The full demographic and housing 154 
information for each participating individual can be found in Table 1. Ethical approval 155 
for this study was granted by the School of Psychology & Neuroscience at the 156 
University of St Andrews and the IACUC of UTMDACC, adhering to all the legal 157 
requirements of US law and the American Society of Primatologists’ principles for the 158 
ethical treatment of non-human primates.  All subjects voluntarily participated in the 159 
testing procedures. 160 
 161 
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ID CONDITION SEX WILD BORN? DOB REARING HOUSING 
RAD LR (1) M N 14/01/1990 MOTHER HABITAT 
ANG* LR (1) F Y 01/01/1975 UNKNOWN HABITAT 
CHE LR (1) F N 09/12/1990 NURSERY HABITAT 
KIH LR (1) F N 06/08/1988 NURSERY HABITAT 
MAH LR (1) M N 26/10/1988 MOTHER HABITAT 
NAH LR (1) F N 04/07/1990 NURSERY HABITAT 
AKI LR (2) M N 09/02/1980 NURSERY DOME 
CEC* LR (2) F N 24/02/1991 MOTHER DOME 
HAA LR (2) M N 30/12/1991 MOTHER DOME 
MAR LR (2) F Y 01/01/1966 UNKNOWN DOME 
MART LR (2) F Y 01/01/1965 UNKNOWN DOME 
TAS LR (2) F N 18/11/1992 MOTHER DOME 
ZOE LR (2) F N 13/04/2002 MOTHER DOME 
BRI HR (1) F N 31/08/1995 MOTHER DOME 
CHI HR (1) M N 25/08/1988 MOTHER DOME 
MAG HR (1) M N 24/07/1992 MOTHER DOME 
MAN HR (1) F N 08/09/1984 MOTHER DOME 
NIC* HR (1) M N 07/04/1988 MOTHER DOME 
BER HR (2) F N 18/02/1978 NURSERY DOME 
JUD* HR (2) M N 26/08/1990 NURSERY DOME 
KOB HR (2) M Y 01/01/1972 UNKNOWN DOME 
QUI HR (2) F Y 01/01/1971 UNKNOWN DOME 
TUL HR (2) F N 01/05/1980 MOTHER DOME 
TOD CONTROL F Y 01/01/1971 UNKNOWN DOME 
SAB CONTROL F Y 01/01/1968 UNKNOWN DOME 
PEP CONTROL F Y 01/01/1967 UNKNOWN DOME 
ALP CONTROL F N 08/11/1984 MOTHER DOME 
BET CONTROL F N 23/06/1994 MOTHER DOME 
BIL CONTROL M N 16/06/1993 MOTHER HABITAT 
BO CONTROL M N 16/05/1993 MOTHER HABITAT 
JOE CONTROL M Y 01/01/1972 UNKNOWN DOME 
MAY CONTROL F Y 01/01/1965 UNKNOWN DOME 
MOO CONTROL M Y 01/01/1971 UNKNOWN DOME 
GRE CONTROL M Y 01/01/1970 UNKNOWN DOME 
AJA CONTROL M N 01/01/1978 UNKNOWN DOME 
LUL CONTROL F N 16/01/1982 MOTHER DOME 
TAB CONTROL M N 25/08/1991 MOTHER DOME 
KUD CONTROL M N 07/12/1982 MOTHER DOME 
Table 1. Demographic information for all participating individuals. Condition: HR = High 162 
rank model, LR = Low-rank model. Asterisk next to name indicates individual was the 163 
trained model for their group. 164 
 165 
 166 
 167 
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Apparatus 168 
This study employed a two-action, sliding-door puzzle-box (the ‘Vert’, see 169 
Figure 1), a vertical variation we designed to require different actions to those common 170 
to earlier social learning studies [Aplin et al., 2015; Hopper, Lambeth, Schapiro & 171 
Whiten, 2008; Kendal et al. 2015]. 172 
 173 
174 
Figure 1. The ‘vertical artificial vegetable’ (the ‘Vert’) could be opened to reveal a food 175 
reward either by sliding the door entirely upwards (B) or entirely downwards (C). The 176 
resting position on presentation is shown in (A). The side-profile is shown in (D). Upon 177 
a completed opening, the door locked so as to restrict access to the alternative reward. 178 
The anchor platform was attached to a trolley with vice clamps. 179 
 180 
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Sessions were recorded using a Panasonic HC-X920 video camera. All videos 181 
were coded using BORIS, version 2.05 (www.http://penelope.unito.it/boris). All 182 
analyses were carried out using R Statistical Package Version 3.2.3 [2015] with R 183 
Studio Version 0.99.491 [2015].  184 
 185 
Procedure 186 
For Condition LR (low-rank), in two groups (n=6, 7), a low-ranking female 187 
individual was voluntarily separated and trained to open the door by either sliding the 188 
door up or down. Likewise in the HR (high-rank) condition, the dominant male of each 189 
of two groups (n = 5, 5) was trained on a method of opening the Vert. Females were 190 
used for Condition LR and males for Condition HR to maximise the rank disparity 191 
between these individuals. Since males are almost always of higher social rank than 192 
females in chimpanzee communities, in some groups it would not have been possible 193 
to select a high-ranking female to act as a model.  However, Kendal et al. [2015] found 194 
no bias in whether male or female chimpanzees were preferentially attended to during 195 
their experiments, so we would not anticipate sex acting as a confound here. 196 
Nevertheless, below we include an analysis of audience sizes during demonstrations of 197 
the present study in order to explore whether males and females may differently 198 
tolerate observers. LR and HR conditions differed only in the choice of model. 199 
Training began by presenting the baited Vert to the test subject with one of the 200 
slide-directions locked so it could not be used. Once a reward had been retrieved 201 
successfully 10 times in a row, the alternative method was unlocked and baited for all 202 
further trials. Models were considered to be ‘trained’ once they completed a total of 30 203 
sequential uses of the trained method without deviation.  204 
After being trained, the model was reintroduced to the group and given access 205 
to the Vert in a group context. Two 20-minute demonstration sessions were carried out 206 
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on subsequent days, during which only the model had access to the box. The Vert was 207 
gently pulled out of reach if another individual displaced the model. This was to ensure 208 
a roughly equal number of demonstrations between dominant and subordinate models 209 
and make the methods comparable with previous work on rank-bias and social learning 210 
[Horner et al. 2010; Kendal et al. 2015; Hopper et al. 2015b].  211 
 The demonstration period was followed by 8 hours of open-diffusion in which 212 
unrestricted access to the Vert was provided. Open-diffusion occurred across multiple 213 
sessions, typically of 60 minutes but varying between 45 minutes (due to unforeseen 214 
interruptions) and 120 minutes in length (group HR2 had an unavoidably condensed 215 
test period, resulting in longer sessions to make up time).  216 
Once any individual in the demonstration or open-diffusion phase had retrieved 217 
a reward, the Vert was withdrawn one metre, the door was reset and the reward 218 
chamber re-baited. When re-setting the door, the Vert was covered with a cloth to 219 
avoid possible directional cues from the experimenter.  220 
To determine whether an inherent directional bias may have influenced which 221 
method individuals from experimental groups chose to use, 15 individuals were 222 
selected from non-experimental groups to participate in an asocial control condition. 223 
Individuals were selected based on advice from care staff about their willingness to 224 
voluntarily separate from the group and engage with research procedures. Individuals 225 
separated voluntarily from their group and were then presented with the Vert for a 226 
period of 20 minutes each. Both reward chambers were baited and both methods of 227 
opening the door were unlocked. If an individual completed a successful manipulation 228 
of the Vert, the Vert was reset and baited as described above. 229 
 230 
 231 
 232 
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Statistical analyses 233 
We used binomial tests to determine whether the number of individuals in the 234 
control condition to use each method on their first trial differed significantly from chance 235 
(50%), which would indicate an inherent directional bias that would have acted as a 236 
confound. We then used Barnard’s exact test, an alternative to Fisher’s exact test with 237 
greater power for small sample sizes [Mehta & Senchaudhuri, 2003], to test whether 238 
individuals from high or low rank conditions were significantly more likely to use the 239 
seeded method on their first successful trial. Binomial tests were subsequently used to 240 
determine whether the proportion of individuals in each condition who used the seeded 241 
method on their first successful trial differed significantly from chance (50%). Finally, 242 
we applied the same tests to a more conservative, truncated form of the experimental 243 
data set. In order to mitigate the possibility that individuals had learned from individuals 244 
not of direct interest to the research question, for example a dominant female who had 245 
asocially learned the same method as the subordinate model, we only analysed data 246 
(for this analysis only) from individuals in both conditions who had only observed their 247 
group’s model demonstrating. This resulted in 11 individuals being excluded from this 248 
model, leaving n=8. We also carried out Bayesian equivalents of the analyses 249 
described above, which can be found in the Supplemental Material by an interested 250 
reader and which were consistent with the findings reported below. 251 
 252 
Network-based diffusion analysis 253 
Network-based diffusion analysis (NBDA) is a powerful method of determining 254 
whether an observed pattern of acquisition of behaviours is consistent with the 255 
predictions of a group’s social network [Franz & Nunn, 2009; Hoppitt, Boogert & 256 
Laland., 2010; Allen, Weinrich, Hoppitt & Rendell, 2013; Hobaiter, Poisot, Zuberbuhler, 257 
Hoppitt & Gruber, 2014]. In this case, the social network was created using the number 258 
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of times Individual A observed Individual B using the seeded method before Individual 259 
A first demonstrated this method. Because we were able to record the exact times at 260 
which an individual first used the method, we used the Time of Acquisition Diffusion 261 
Analysis (TADA) variant of NBDA [Hoppitt et al., 2010]. Times entered into the model 262 
were the number of seconds which the group had been exposed to the Vert before a 263 
given individual first opened it using the seeded method.   264 
We used an information theoretic approach [Burnham & Anderson, 2002], using 265 
Akaike’s information criterion corrected for sample size (AICc) from which total Akaike 266 
weights (Σwi) for each model were calculated. Total Akaike Weights were then used to 267 
create model averaged estimates for the factor by which individuals’ learning rates are 268 
increased per observation of the seeded method. Models were constructed based on 269 
the predictions outlined by the rank-bias hypothesis and the necessary conditions for 270 
refutation (above). 271 
This analysis was carried out using the NBDA R Script Version 1.2.11 (available 272 
at http://lalandlab.st-andrews.ac.uk/freeware/). 273 
 274 
Generalised linear mixed effects models 275 
We used two sets of generalised linear mixed effects models (GLMMs) to 276 
determine whether the sex of a demonstrator was a useful predictor in determining how 277 
many individuals were likely to be in proximity (<3m) on any given trial. The first set of 278 
models considered audience size as an absolute value, whereas the second 279 
considered it as a proportion of group size. In all models, ‘individual’ was fit with 280 
random intercepts and random slopes to account for multiple measurements from each 281 
individual. We took an information theoretic approach to inference, using akaike’s 282 
information criterion corrected for small sample sizes (AICc) to estimate model fit. From 283 
this we calculated total akaike weights (Σwi) and use these to compute model-averaged 284 
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estimates of parameter coefficients, allowing us to estimate the effect of a parameter 285 
while taking into account model uncertainty. Due to the use of model-averaging, rather 286 
than use p-values to determine whether a parameter had an important effect on the 287 
output variable, this was established according to whether its 95% confidence intervals 288 
overlapped with 0. 289 
 290 
Video Coding  291 
The method used by any individual who successfully opened the box was 292 
coded, as well as the identities of any individual within 3 meters. Any individuals within 293 
3m whose heads were oriented towards the Vert and did not have their view obstructed 294 
was recorded as having observed the opening. Videos were coded by SKW. Inter-295 
observer reliability was carried out with RAH on the method (‘up’ or ‘down’) used and 296 
who was observing each demonstration in 30 clips of individuals opening the Vert, with 297 
100% agreement. 298 
 299 
RESULTS 300 
 Although the raw data from the control condition (Figure 2) are somewhat 301 
suggestive of a greater tendency for pushing down than lifting up the door, the number 302 
of individuals who chose either method did not differ significantly from chance  (Up: n = 303 
3, P = 0.343, 95% CI = 0.07-0.65; Down: n = 7, P = 0.343, 95% CI: 0.35-0.93). 304 
Nevertheless, the direction of the seeded method was counterbalanced across groups 305 
in the experimental condition. Furthermore, five out of 15  control individuals failed to 306 
open the box at all, from which we may infer that the two methods of opening the door 307 
were not so salient that every chimpanzee was easily capable of opening it without the 308 
use of social information. 309 
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 310 
311 
Figure 2. Method used on first opening of the Vert by individuals in the control 312 
condition, and number of individuals who failed to open the box. 313 
 314 
A Barnard’s exact test found that individuals in the low-rank condition used the 315 
seeded method on their first successful trial significantly more often than individuals in 316 
the high-rank condition (X2 = 2.09, N=19, P=0.048, see Figure 3). Exact binomial tests 317 
found that individuals in the low-rank condition used the seeded method significantly 318 
more often than chance (n = 11, P=0.032, 95% CI=0.53-1.0) but high-rank condition 319 
did not (n=8, P=0.855, 95% CI=0.111 – 1.0).  320 
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 321 
Figure 3. Column 1 - Methods used on first opening of the box for each condition. 322 
Columns 2 and 3 - Methods used on first opening of the box in each group. 323 
Directionality of trained method indicated for each group in brackets.  324 
 325 
Using a truncated data set (Figure 4: procedure and rationale for exclusion 326 
detailed above), there remained a significant difference between low and high-rank 327 
conditions in the number of individuals who used the seeded method on their first trial 328 
(Barnard’s exact test: X2=2.19, n=8, P=0.047). However, it is worth noting that two of 329 
the four individuals in HR condition (see HR2 in Table 2) who first used the non-seeded 330 
method later switched to consistently use the seeded method. No other individuals in 331 
any group persistently switched to a method other than their first-learned, with the 332 
exception of the innovation described in detail below. Both individuals who did not 333 
solve the task were males. Neither individual tried any other method of interacting with 334 
the door (e.g. hitting, pushing, pulling, etc), indicating that they lacked the motivation to 335 
engage with the task. 336 
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 337 
Figure 4. Counts for methods used on first opening of the box in the original ‘full’ data 338 
set, side-by-side with ‘truncated’ data set. 339 
ID Group 
First method as 
seeded? Total trials 
Total trials as 
seeded 
JUD HR1 Y 730 720 
BER HR1 N 69 0 
TUL HR1 Y 234 214 
QUI HR1 N 1 0 
KOB HR1 n/a 0 0 
NIC HR2 Y 535 463 
CHI HR2 N 109 108 
MAN HR2 N 54 48 
MAG HR2 Y 106 66 
BRI HR2 Y 9 6 
CEC LR1 Y 170 170 
MAY LR1 Y 185 184 
ZOE LR1 Y 123 121 
AKI LR1 N 171 3 
TAS LR1 Y 166 163 
MAR LR1 Y 34 34 
HAA LR1 Y 138 138 
ANG LR2 Y 146 146 
CHE LR2 Y 115 108 
KIH LR2 Y 326 133 
NAH LR2 Y 188 162 
RAD LR2 Y 13 13 
MAH LR2 n/a 0 0 
Table 2. Summary table of each individual’s interactions with the puzzle box.  340 
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Network-based Diffusion Analysis 341 
There was most support for models (Table 3) in which there was an effect of 342 
social transmission (S) in the LR condition but not HR, with S varying between groups 343 
(Σwi = 0.75). Model-averaged estimates for S indicate that each observation increased 344 
an average individual’s learning rate by 3% in LR1 and 15% in LR2. Model averaged 345 
estimates for S indicate that each observation increased an average individual’s 346 
learning rate in HR1 and HR2 by 0.1% per observation. Models based on the hard 347 
rank-bias hypothesis were not well supported (Σwi = 0.002 and Σwi = 0.009). A model 348 
allowing for the soft rank-bias hypothesis had some support (Σwi = 0.078), but contrary 349 
to the predictions of this hypothesis, the effect of S was estimated as being greater in 350 
the LR condition (S = 0.08) than HR (S = 0.00). Individual-level variables (sex, age and 351 
rearing history) were added to the best fitting model, but there was little support for any 352 
of them improving the model (Table 4). 353 
 354 
* ‘Hard’ rank bias hypothesis 355 
** ‘Soft’ rank-bias hypothesis candidate 356 
Table 3. AICc, delta AICc and Total Akaike Weights (Σwi) for each model.  ‘S’ = social 357 
transmission. 358 
Model AICc Delta AICc Total weighted AICc (Σwi) 
*S only in HR, varies between HR groups 334.13 11.91 0.002 
S in all groups 330.96 8.74 0.009 
*S only in HR, constant between HR groups 330.96 8.74 0.009 
S varies between all groups 328.6 6.38 0.027 
No S in any group 328.27 6.05 0.036 
**S varies between LR and HR 326.75 4.53 0.078 
S only in LR, constant between LR groups 326.5 4.28 0.088 
S only in LR, varies between LR groups 322.22 0 0.75 
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        Asocial 
variable df AICc Delta AICc Total weighted AICc 
Sex 4 325.73 3.51 0.07 
Rearing 4 323.13 0.91 0.25 
Age 4 323.08 0.86 0.26 
None 3 322.22 0 0.41 
Table 4. AICc, delta AICc and Total Akaike Weights (Σwi) for the best fitting model from 359 
Table 3 with additional individual-level variables.   360 
 361 
GLMMs 362 
A model-averaged estimate (Table 5) of the coefficient for the effect of 363 
demonstrator sex on audience size when counting absolute number of individuals 364 
within 3m was 0.14 (95% CI: -0.23, 0.51), and when considering audience size as a 365 
proportion of total group size was 0.02 (95% CI: -0.05, 0.08). We may infer that Sex did 366 
not have an important effect as the 95% confidence intervals did not overlap with zero. 367 
Furthermore, as seen in Table 5, adding Sex to the models resulted in a considerably 368 
higher AICc and therefore poorer fit.  369 
 370 
GLMM Set 1: Audience = Number of individuals < 3m from demonstrator 
 
Model K AICc Delta AICc Total AICc weight 
Audience ~ 1|ID 3 9178.19 0 0.94 
Audience ~ Sex + Sex|ID 6 9183.63 5.44 0.06 
 
GLMM Set 2: Audience = Proportion of group < 3m from demonstrator 
 
Model K AICc Delta AICc Total AICc weight 
Audience ~ 1|ID 3 -2114.53 0 0.94 
Audience ~ Sex + Sex|ID 6 -2108.95 5.58 0.06 
Table 5. Model comparison summary statistics for two sets of GLMMs. Sex = Sex of 371 
demonstrator. 1|ID = Random intercepts for individual. Sex|ID = random slopes and 372 
intercepts for Individual. K = number of effective parameters. 373 
 374 
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An Innovation 375 
Finally, we report an innovation which occurred in one of the high-rank condition 376 
groups. After 7 hours of open-diffusion, a subordinate individual (TUL) discovered a 377 
narrow window of motion in which the door can be opened using ‘Up’, so that a reward 378 
can be retrieved, but the locking mechanism is not activated. This allowed her to then 379 
also use ‘Down’ to move the door a second time and obtain a second reward. TUL had 380 
not used ‘Down’ prior to this discovery, but had observed two other females in her 381 
group using it on multiple occasions. This suggests TUL combined her first-learned 382 
method with previously acquired social information about that used by others to 383 
generate a more productive method, although asocial learning cannot be ruled out. 384 
Despite the innovator being of low rank, after 11 observations of this improved method 385 
the dominant male (JUD) of the group, who to this point had exclusively used the ‘Up’ 386 
method, also began to use the combined form. A similar pattern was observed in a 387 
second group. Again, the first individual was a subordinate female (CHE) and the 388 
method was subsequently used by two higher ranking females (KIH, NAH). Due to the 389 
limited data available, it is not possible to carry out any formal analyses of these 390 
events, but we present them as ‘naturally’ occurring examples of subordinates’ 391 
innovations achieving limited diffusion through their groups. 392 
 393 
DISCUSSION 394 
Rank-bias has been proposed as a way to account for the relatively rare 395 
adoption of innovations to produce traditions within chimpanzee communities [Horner 396 
et al., 2010; Kendal et al., 2015]. Based on this ‘rank-bias hypothesis’, we predicted 397 
that novel behaviours seeded by subordinates either fail to spread, or motivate a 398 
considerably lesser degree of social learning than novel behaviours seeded by 399 
dominant individuals. In our study, not only were the group-mates of low-ranking 400 
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models more likely to use the seeded rather than non-seeded method on their first 401 
opening of the box, but they were also substantially more likely to do so than 402 
individuals in groups with high-rank models. Furthermore, a NBDA showed greatest 403 
support for models in which social transmission of the seeded method was present only 404 
in the low-rank condition. Finally, we reported innovations developed by two 405 
subordinate chimpanzees in separate groups which built on pre-existing methods and 406 
were subsequently used by more dominant individuals, likely as a result of social 407 
learning. While one must be cautious in interpreting isolated events, these instances 408 
are striking in their pertinence to our research question and in how they contrast with 409 
the predictions of the rank-bias hypothesis. 410 
We conclude these findings strongly suggest that the rank-bias identified by 411 
previous studies [Kendal et al. 2015; or ‘prestige-bias’ in Horner et al., 2010], which 412 
occurred when observers had a choice between models of various ranks, does not 413 
prohibit the successful emergence of group-wide behaviour patterns from subordinate 414 
models or innovators when no competing model is present.  As well as a rank-bias, 415 
Kendal et al. [2015] identified a bias towards copying ‘knowledgeable’ individuals, 416 
which our results suggest to be the case even when demonstrators are of low social 417 
rank. This may make adaptive sense, since if one observes an individual doing 418 
something that is rewarding, it is counterintuitive to ignore this information simply on 419 
the basis of the demonstrator’s low social status. However, this does not preclude the 420 
indirect importance of rank in more natural settings. For example, if recent immigrants 421 
tend to be spatially peripheral to the group, this would reduce the number of individuals 422 
in close enough proximity to observe (and copy) any novel behaviours being used, 423 
functionally resulting in a rank bias. By contrast, individuals in the present study could 424 
only carry out the behaviour when performing it in a central, commonly used space 425 
where the researcher and experiment were set up, making them readily visible to their 426 
group. Furthermore, while we did identify comprehensive diffusion of methods seeded 427 
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subordinate models, it is important to note the difference in group size between the 428 
relatively small groups studied here (between 6 and 8 individuals) and wild chimpanzee 429 
communities which can have anything from 20 to 150 members [Goodall 1986; 430 
Nishida 1990; Boesch & Boesch-Achermann 2000]. Communities of larger scale, as 431 
well as the presence of fission-fusion social dynamics, may present additional 432 
obstacles for behavioural diffusion. 433 
Being raised in captivity and participating in behavioural research for so many 434 
years [e.g. Brosnan et al., 2007; Hopper, Lambeth, Schapiro & Whiten, 2008; Dean, 435 
Kendal, Schapiro, Thierry & Laland, 2012; Kendal et al., 2015] may also have shaped 436 
the study population to be more ready social learners [Carpenter & Tomasello, 1995], 437 
further mediating the effects of rank-bias. The influence of such developmental, 438 
cultural, environmental and individual differences on social learning are difficult to 439 
examine in such long-lived species, but are likely to be critical in our understanding of 440 
cultural transmission [Mesoudi, Chang, Dall & Thornton, 2016]. Nevertheless, this 441 
would not explain why there was a greater effect of social transmission in the low-rank 442 
condition than in our high-rank condition.  443 
These results contrast with prior studies [Horner et al. 2010; Kendal et al. 2015] 444 
in that the effect of social transmission was found to be stronger in our low-rank 445 
condition, and a greater proportion of individuals in the LR condition used the seeded 446 
method on their first trial than those in HR. One methodological difference between the 447 
current study and previous work that might explain this discrepancy is that our high-448 
ranking models were dominant males rather than dominant females. This was an 449 
intentional design choice, as males are almost always dominant relative to females, 450 
and it was desirable to maximise the rank disparity between model types. However, 451 
this may have introduced additional confounds. While males were successfully used as 452 
models in Price, Lambeth, Schapiro & Whiten [2009], the study used video 453 
demonstrations and observers were not always from the same group as the model, and 454 
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were therefore unaware of their rank. Wrangham et al. [2016] found that in a 455 
community of chimpanzees where multiple grooming techniques were in use, 456 
individuals tended to converge on the method primarily used by their matriline, 457 
potentially hinting at a sex bias in chimpanzee social learning. However, the only 458 
systematically documented example of an incipient tradition diffusing through a wild 459 
chimpanzee community originated in a male chimpanzee [Hobaiter et al. 2014], 460 
indicating that males can also make effective models. Furthermore, in a series of 461 
GLMM’s we examined whether the number of individuals in proximity or attending to an 462 
individual’s demonstrations could be predicted by that demonstrator’s sex, and this was 463 
not found to be the case (Table 5). From this we may infer that our use of differently 464 
sexed models did not introduce an important confound with respect to social tolerance 465 
that would explain the contrast between effects of high versus low rank models in our 466 
study. In any case, the key finding in our results is not so much the contrast between 467 
effects of high versus low ranked models, but that the low ranked female provided an 468 
adequate model whose preferred behavioural option was copied by others. 469 
There is already good evidence for an attentional bias toward dominant 470 
individuals [Kendal et al. 2015], but it is unclear to what extent this may be vigilance 471 
rather than active social learning. Spatial tolerance between demonstrators and 472 
observers is also likely to be crucial in facilitating social learning [van Schaik, Fragaszy 473 
& Perry, 2003], which may be confounded when highly dominant demonstrators 474 
monopolise a resource. The difficulty associated with faithfully copying a socially 475 
intolerant individual may explain why two observers in the HR condition first discovered 476 
the non-seeded method and then switched to consistently use the seeded method for 477 
the remainder of testing. Based on previous work [Hrubesch, Preuschoft & van Schaik, 478 
2009] we would expect such individuals to fixate on their first-learned method, since the 479 
alternative did not provide a greater payoff [van Leeuwen et al., 2013]. It may be that, 480 
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in this case, the first-used method was an ‘accidental’ discovery on the route to 481 
learning the seeded method.  482 
As previously discussed, capuchin monkeys inhibit demonstration of known 483 
behaviours while in the presence of dominant males [Lonsdorf et al. 2016]. If the same 484 
is true of chimpanzees, then non-dominant individuals having to wait for an appropriate 485 
social context to interact with the task may have introduced additional demands on 486 
memory that would interfere with accurate copying models in the HR condition. In our 487 
experiment, the fact that we removed the Vert when models were displaced in the 488 
demonstration phase meant that the resource could not be immediately monopolised. 489 
The reason for this was to remain methodologically consistent with prior work on rank-490 
bias [Horner et al. 2010; Kendal et al. 2015], as well as to directly examine the 491 
motivation of observers to learn from subordinate models rather than the effects of 492 
resource-monopolisation on the diffusion of novel behaviours. Competition over 493 
resources remains an unexamined and potentially important influence on the diffusion 494 
of chimpanzee traditions.  495 
While this study has shown that chimpanzees are motivated to learn novel 496 
methods of accessing a resource from subordinate individuals, it is possible this is not 497 
true of forms of imitative behaviour that are thought to be normatively motivated and 498 
therefore, perhaps particularly directed toward important social partners. Examples of 499 
this include the fashion of putting grass in one’s ear, invented by a high-ranking female, 500 
described by van Leeuwen et al. [2014] or vocal convergence resulting from close 501 
social affiliation [Fedurek et al. 2013; Watson et al. 2015]. Further examination of 502 
context-specific qualities, such as behavioural-domain, extrinsic motivators (e.g food or 503 
social benefits), ease of monopolisation and how these inhibit or promote particular 504 
learning biases, may be a fruitful area of research. 505 
 506 
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SUPPLEMENTAL MATERIAL 1 
 2 
Bayesian analysis 3 
For the interested reader, we present Bayesian equivalents to the statistical 4 
analyses carried out in the main text of this article. A Bayesian approach to statistical 5 
inference has the benefit of being better able to handle small data sets that are not 6 
normally distributed [Schoot et al., 2014], as is the case in the present study.  7 
Bayesian binomial regression models using MCMC (3 chains of 5,000 8 
iterations, warmup = 1000 iterations) were used for three analyses. Firstly, we 9 
determined whether the control group demonstrated any strong directional bias on their 10 
first opening of the Vert, which might confound experimental conditions. Secondly, we 11 
estimated the effect of condition (HR or LR) on the likelihood that an individual used the 12 
seeded method on their first attempt at opening the Vert. The third model used a more 13 
conservative, truncated form of the experimental data set. In order to mitigate the 14 
possibility that individuals had learned from individuals not of direct interest to the 15 
research question, for example a dominant female who had asocially learned the same 16 
method as the subordinate model, we only analysed data (for this analysis only) from 17 
individuals in both conditions who had only observed their group’s model 18 
demonstrating. This resulted in 11 individuals being excluded from this model, leaving 19 
n=8. All statistical models described here specified uniform, non-informative priors. 20 
Analyses were run using the R package ‘Rethinking’ version 1.59 [McElreath, 2014] 21 
and MCMC was implemented in Rstan (Gelman, 2014) version 2.10.1. Mixing was 22 
assessed visually. For each parameter in each model we report the estimated 23 
probability of the described event (e.g. using ‘Up’ on first opening of the box) and the 24 
bounds in which there is a 95% probability that the true value lies (95% credible 25 
intervals). 26 
 27 
2 
 
Results 28 
A binomial regression model based on the data from individuals in the control 29 
condition (see Figure 2) estimated that the probability of individuals using ‘up’ on their 30 
first attempt was 0.22 [95% Credible Interval (CI): 0.08, 0.48], and of using ‘down’ was 31 
0.47 [95% CI: 0.25, 0.70]. Although these results are somewhat suggestive of a greater 32 
tendency for pushing down than lifting up the door during exploration of the box, the 33 
wide, overlapping credibility intervals indicate that the bias is not particularly strong. 34 
Nevertheless, the direction of the seeded method was counterbalanced across groups 35 
in the experimental condition. Furthermore, five out of 15 control individuals failed to 36 
open the box at all, from which we may infer that the two methods of opening the door 37 
were not so salient that every chimpanzee was easily capable of opening it without the 38 
use of social information. 39 
A second model based on our experimental conditions (Figure 3) found an 40 
important effect of Condition (Beta = 1.64, 95% CI: 0.07, 3.45) on the likelihood that an 41 
individual will use the seeded method on their first opening of the box. The model 42 
estimated that the absolute probability that individuals in the HR condition would use 43 
the seeded method on their first opening was 0.36 (95% CI: 0.10, 0.70) and 0.91 (95% 44 
CI: 0.86, 0.99) for individuals in the LR condition.  45 
This pattern also held when applying the same analysis to the truncated data-46 
set (Figure 4) the rationale and procedure for which was described in the Methods 47 
section, above). A main effect of condition (HR/LR) was found (Beta = 10.34, 95% CI: 48 
2.12, 18.76). The estimated probability of individuals in HR using the seeded method 49 
on their first opening of the box was 0.0.18 [95% CI: 0.01, 0.63] in the HR condition, 50 
and 0.79 [95% CI: 0.31, 0.98] in the LR condition. However, it is worth noting that two 51 
of the four individuals in HR condition (see HR2 in Table 2) who first used the non-52 
seeded method later switched to consistently use the seeded method. No other 53 
3 
 
individuals in any group persistently switched to a method other than their first-learned, 54 
with the exception of the innovation described in the main text. 55 
 56 
References 57 
Gelman, A. (2014). Rstan: the R interface to Stan. 58 
McElreath, R. (2016). rethinking: Statistical Rethinking book package. R package 59 
version. 1.59. 60 
Schoot R, Kaplan D, Denissen J, Asendorpf JB, Neyer FJ, Aken MA. 2014. A gentle 61 
introduction to Bayesian analysis: applications to developmental research. Child 62 
development 85:842-860. 63 
